A priority issue for Polish enterprises of the energy sector is limiting the emission not only of greenhouse gases but also industrial emissions that accompany energy production processes. Due to the fact that monitoring of industrial emissions is an important stage of the Environmental Management System, the decisions maker ought to be interested in access to new informatics technology enabling pollutant emissions forecasting. The usefulness of automatic procedure X-13-ARIMA-SEATS for forecasting monthly emission indexes of sulphur dioxide, nitrogen oxides, carbon oxide and dust for a certain power plant is verified in this paper. All generated forecasts are evaluated with the use of selected accuracy measures of ex post forecasts.
Introduction
A priority issue for the energy sector is limiting the emission of not only carbon dioxide, but also industrial emissions which accompany heat and electricity production processes, especially emission of sulphur dioxide (SO 2 ), nitrogen oxides (NO x ), carbon monoxide (CO) or dust. The Directive of the European Parliament and Council 2010/75/UE of 24 November 2010 on industrial emissions (so called IED Directive), which had to be transposed by Member States by January 2013, introduced a series of vital changes to previous regulations concerning integrated environment protection, particularly in the scope of a serious tightening on industrial emission standards from the facilities of energy combustion and the use of derogating mechanisms (Directive, 2010) . The efficiency of legal instruments of environmental management is frequently strengthened by implementing voluntary programmes for environment protection in the energy sector enterprises (Skowron-Grabowska and Kurp, 2014; Wong et al., 2017) . These concern in particular implementing environmental and energy management systems which comply with international standards such as ISO 14001, ISO 50001 or EMAS. It is worth emphasizing that specific quantitative goals are not set for the majority of voluntary environmental programmes, which concern the results of actions taken in order to protect natural environment. Instead qualitative goals are defined or applying energy saving production technologies and environmentallyfriendly management practices are stressed. Energy enterprises have to only guarantee that their environmental management systems comply with valid regulations on environment protection and are obliged to constantly reduce emission of pollutants and incessantly undertake preventive actions in this scope (Androniceanu and Popescu, 2017) . Numerous research has been conducted in order to evaluate the efficiency of voluntary certification programmes such as ISO 14001 in the scope of improvement in environmental actions effects in different countries (Potoski and Prakash, 2013; Ferrón-Vílchez, 2016; Androniceanu and Drăgulănescu, 2016; Prasad and Mishra, 2017) . While evaluating the efficiency of the applied environmental management instruments one should take into consideration first of all forecasted volumes of reducing pollutant emission into the atmosphere, being the result of fossil fuels combustion (Liu et al., 2014) . The importance of econometric analysis of air pollution in the development of ecological strategy at the regional level is often stressed by scientific (Zawada and Szajt, 2016; Włodarczyk and Mesjasz-Lech, 2016; Kasperowicz, 2015) . It is worth emphasizing that the adoption of sustainable development strategies in companies in the region might protect them against changing conditions of the external environment (Romanowska, 2009; Malara and Kroik, 2012; Sedláková, 2016) . Similar as the adjustment of information technologies to business strategies in the enterprises (Jelonek, 2016; Rajnoha and Lesnikova, 2016) . Taking above into consideration, the aim of this study is to evaluate the usefulness of automatic selection procedure of SARIMA(p,d,q)(P,D,Q) s models for forecasting monthly values of industrial emission indexes for the power plant located in Silesian Region. On the basis of historical emissions comprising the period from January 2010 until June 2016 the best prognostic models were selected with the use of X-13-ARIMA-SEATS algorithm, which were then used for out-ofsample forecasting of monthly SO 2 , NO x , CO and dust emissions per one unit of generated energy in the power plant for the period July 2016 -June 2017.
X-13-ARIMA-SEATS Procedures for Selecting a Forecasting Model
Decomposition of monthly time series of industrial emissions indexes is a vital issue from the point of view of the decision maker at the power station, who monitor the plant's impact on the environment. Occurrence of strong seasonal fluctuations in the time series representing energy production volume and the level of industrial emissions into the atmosphere hinder comparison and interpretation of monthly changes of emission indexes determined for the power plant. The most popular comprehensive procedure of seasonal time series adjustment by means of ARIMA model-based signal extraction techniques is X-13-ARIMA-SEATS. X-13-ARIMA-SEATS is the Census Bureau's latest program in the X-11 line of seasonal adjustment of time series that has access to the SEATS algorithm (X-13-ARIMA-SEATS Reference…, 2017). † This algorithm uses the seasonal ARIMA (SARIMA(p,d,q)(P,D,Q) s ) models in the form (Błażejowski, 2009) :
(1) where: y t -original or transformed time series of industrial emission indexes, Llag operator (Ly t = y t-1 ), L sseasonal lag operator of period s (L s y t = y t-s ),  lag polynomials for respectively nonseasonal and seasonal moving average part, ε twhite noise process, dintegration level of y t series, Dseasonal integration level of y t series, p and P -order of respectively non-seasonal and seasonal autoregressive process, q and Q -order of respectively non-seasonal and seasonal moving average process. SARIMA class models make it possible to eliminate non-seasonal and seasonal unit roots through d-time determination of first differences of the variable ( ) ) 1 ( It is worth stressing that subsequent specifications of the SARIMA(p,d,q)(P,D,Q) s model are checked in the X-13-ARIMA-SEATS, starting from the simplest one (characterized by the most economical parametrisation) and finishing with the specification for which residuals possess white noise properties. The decisionmaker is not obliged to perform an initial identification of the six model parameters (1), as selection of all options and parameters estimation by means of maximum likelihood method are carried out automatically. One of the main enhancements in the X-13-ARIMA-SEATS program involves the incorporation of SEATS method into the X-12-ARIMA seasonal adjustment program. X-13-ARIMA-SEATS improves the set of diagnostic tests used in the automatic selection procedure of regression model with ARIMA errors (regARIMA) that is fitted to the original time series(X-13-ARIMA-SEATS Reference…, 2017). Moreover, the following set of ex post forecast error measures has been calculated in order to assess accuracy of in-sample forecasts of industrial emissions indexes (Swanson et al., 2011; Chauvet and Potter, 2013) : -root mean squared error (RMSE) 
where: y treal industrial emission index in a t month, y t pin-sample forecast of industrial emission index for the t month, n-k -number of in-sample forecasts, MSE -mean squared error, s Y and s Ypstandard deviations respectively of real and forecasted industrial emission indexes, r Y,Yp -Pearson correlation coefficient between real and forecasted pollutant emission indexes. The presented above ex post forecasts errors allow to systemize the decisionmaker's knowledge in the scope of errors committed in the forecast process of industrial emission indexes for the power plant, taking into consideration such aspects of in-sample forecasts errors as accuracy or bias.
Accuracy Evaluation of Industrial Emission Indexes Forecasts at the Power Plant Obtained from X-13-ARIMA-SEATS
On the basis of data on monthly electricity production volume [MWh] and heat production [GJ] at the power plant located in the Silesian Region, and also accompanying these processes emission of sulphur dioxide (SO 2 , [Mg]), nitrogen oxides (SO x , [Mg]), carbon monoxide (CO, [Mg] ) and dust (dust, [Mg]), indexes of industrial emission have been determined for the period January 2010 -June 2016 ( Figure 1) . In order to recognize the properties of analysed time series, descriptive statistics have been calculated on the basis of industrial emission indexes (Table 1) . It can be observed that the highest volatility characterized the series of dust emission (48.157%) and carbon monoxide emission (19.506%). Considering the results of the Jarque-Bera test one can notice that majority of the variables has a normal distribution at the significance level of 0.05. .5109 *** (0) -6.1787 *** (0) -6.0599 *** (0) -6.3731 *** (0) Break date 2013 M03 2012 M07 2014 M07 2011 M03 Note: (***),(**),(*) point at the rejection of the null hypothesis in Jarque-Bera and Zivot-Andrews tests at 1%, 5% and 10% levels of significance, respectively. The numbers inside the parentheses are the optimum lag lengths determined using Schwarz information criterion. p-value in brackets
In turn, the results of Zivot-Andrews test indicate that the structural breaks are detected for all-time series describing air pollutant emissions relative to energy production in the power plant. Due to this fact an important stage of the decomposing procedure of monthly pollutant emission is adjusting proper smoothing filters for the analysed series, which will recognise the type of outliers occurring in the series.
The analysed period has been divided into the training sample (January 2010 -June 2015) and the testing one (July 2015 -June 2016). In the training sample parameters of the SARIMA model (1) have been identified and estimated, the trend-cycle component, irregular component and seasonal component have been distinguished and with the use of diagnostic tests the smoothing level of particular time series components has been evaluated. Forecasts of monthly indexes of industrial emissions have been generated in the testing sample and then ex post forecasts error measures (2)- (7) have been calculated in order to assess their accuracy. Table 2 presents the final specification of the forecasting model for each industrial emission index, which was automatically selected by the X-13-ARIMA-SEATS and X-12-ARIMA procedures. ‡ Dust SARIMA(1.1.0)(0.1.1) 12 SARIMA(0.1.1)(0.1.1) 12 Note: All industrial emission indicators data were automatically transformed into logarithmic value by either X-13-ARIMA-SEATS or X-12-ARIMA procedure.
Parameters of chosen SARIMA models have been estimated by means of the maximum likelihood method and residuals series have been positively verified against the occurrence of Gaussian white noise properties. It is also worth mentioning that the identified by the X-13-ARIMA-SEATS and X-12-ARIMA procedures outliers for the series of NO x , CO and dust emission correspond with the observations for which an occurrence of a structural change was assigned in the Zivot-Andrews test. The X-13-ARIMA-SEATS procedure has indicated the occurrence of additional outliers for the majority of the pollutant emission indexes.
In particular, the outlier in the nitrogen oxides emission index series has been identified as the one causing a permanent change of the level of NO x emission at the power plant (August 2011). The distinguished date can be associated with the decommissioning of the old energy block and the implementation of new technology of hard coal combustion in the energy production process. Then, forecasting properties of selected SARIMA models have been verified through calculating in-sample forecasts for industrial emission indexes for subsequent months from July 2015 to June 2016. Ex post forecast errors (2) - (7) have been determined in order to select a better automatic forecasting model selection procedure on this basis (Table 3) . While evaluating the quality of forecasting models only on the basis of the RMSE § criterion, which is sensitive to the scale of values taken by the forecasted variable, one can notice that in each case errors of in-sample forecasts generated with the use of the X-13-ARIMA-SEATS algorithm have been smaller. Similar results have been obtained for two next criteria of in-sample forecast accuracy evaluation, which use in the comparison process MAPE and Theil coefficient. ** Relatively low values of both forecast measures for the in-sample forecasts generated with the use of the X-13-ARIMA-SEATS algorithm for the emission indexes of SO 2 and dust confirm good forecasting properties of the constructed SARIMA models. For the series depicting NO x and CO emissions with the reference to energy production volume it has not been possible to generate accurate forecasts for the period from July 2015 to June 2016, considering the MAPE value. In order to check to source of forecast errors the measures obtained as a result of the Theil coefficient decomposition have been analysed (5)- (7). According to Pindyck and Rubinfeld (1998) , accurate forecasting method is characterized by the relatively small values of the bias proportion and variance proportion. Taking into consideration that the bias, variance and covariance proportions sum up to one, it is expected the highest values of the covariance proportion, which measures the remaining unsystematic forecasting errors. The above condition is fulfilled for two forecasting models: SARIMA(1.0.1)(0.1.1) 12 and SARIMA(0.1.1)(0.1.1) 12 adjusted to sulphur dioxide emission indexes series. In these cases forecast errors resulted mainly from a low correlation of forecasts and empirical values of the emission indexes, which confirm a limited ability of forecasting turning points for the SO 2 emission series on the basis of chosen SARIMA models. Optimum SARIMA models selected by the automatic procedure X-12-ARIMA, have been characterized by a very high share of errors caused by forecast bias in the mean square error: 89-percent share for NO x emission index, 94-percent share for CO emission index or 64-percent § RMSE depends on the scale of the dependent variable, so it should be used only to compare forecasts for the same variable derived from different forecasting models. The lower RMSE value, the better forecasting model. ** The Theil inequality coefficient and the Mean Absolute Percentage Error are scale invariant.
share for dust emission index. Similar results have been obtained for the X-13-ARIMA-SEATS procedure in case of CO and NO x series. These are distinct signals indicating that the average value of generated forecasts to a small extent imitates the average empirical value of industrial emission indexes in the testing period, and thus, the decision maker should change the forecasting model. The last part of the analysis concerns generating the monthly out-of-sample forecasts of industrial emission indexes at the power plant for the period from July 2016 to June 2017. Due to the fact that in most cases the X-13-ARIMA-SEATS algorithm generated better forecasts than the X-12-ARIMA procedure, the combined forecasts for the SO 2, NO x, CO and dust emission indexes will be constructed with the use of subjectively proposed weights: 0.7 and 0.3 (Table 4 ). It should be remembered to treat some of the presented in Table 4 forecasts for the NO x and CO emission indexes very carefully due to weak forecasting properties of SARIMA models, which were used to calculate them (Table 3) . 
Forecast horizon
Forecasts -X-13-ARIMA-SEATS
Forecasts -X-12-ARIMA Combined Forecasts
Also average out-of-sample forecasts values of pollutant emission indexes for the period from July 2016 to December 2016 have been compared with the recorded industrial emissions level calculated per unit of produced energy at the Silesian power plant. It can be noticed that out-of-sample forecasts of sulphur dioxide emissions obtained with the use of each forecasting method were overestimated, while the forecasts of nitrogen oxides emissions were underestimated. Closest to the real measures have been forecasts of dust obtained with the use of the combined method and forecasts of nitrogen oxides generated from the algorithm X-13-ARIMA-SEATS. 
Conclusion
This paper presents the evaluation of the usefulness of the X-13-ARIMA-SEATS algorithm in the scope of an automatic selection of the SARIMA(p.d.q)(P.D.Q) s forecasting model. The main advantage of the X-13-ARIMA-SEATS algorithm is the possibility of making comparison between the seasonal adjustment results derived from the SEATS procedure and the X-11 procedure by means of the same set of diagnostic tests. This feature ought to help in the selection of the accurate forecasting model. Such type of the analysis was unavailable in the older version of this algorithm; therefore the usefulness and the limitations of the automatic modeling and forecasting procedures of the TRAMO/SEATS and the X-12-ARIMA were the subject of many research studies (McDonald-Johnson et al., 2007; Błażejowski, 2009) . McDonald-Johnson et al. (2007) found that the diagnostic tests conducted for the X-12-ARIMA models were at least as good as those obtained for the TRAMO models. In turn, Błażejowski (2009) showed that the accuracy of predictions of monthly unemployment rate in Poland's voivodships was significantly better in the case of the X-12-ARIMA models than the TRAMO/SEATS models. In this paper, the forecasting properties of the X-13-ARIMA-SEATS models were verified on the basis of ex post forecasts errors of industrial emission indexes for the power plant. The obtained results allow to notice that the X-13-ARIMA-SEATS algorithm generated better in-sample forecasts for the industry emission indexes than its older version. Creation of combined forecasts has also been proposed, which combine results generated by both automatic algorithms. The issue which needs to be solved is weight selection in the construction process of combined forecasts. While evaluating the accuracy of out-of-sample forecasts, one can also notice an advantage of the X-13-ARIMA-SEATS method and the combined one over the X-12-ARIMA. Therefore, the industrial emission forecasts derived from the X-13-ARIMA-SEATS algorithm may be used in the environmental management process in the power plant. The Environmental Management System is an important pillar of the Integrated Enterprise Management System, which is dedicated to control and reduce the negative impact of the coal-fired power generation processes on the environment. A comparison of the SO 2 , NO x and dust emission forecasts, that are generated by the X-13-ARIMA-SEATS algorithm, to the permitted emission levels described in the Integrated Permit, enables to evaluate the compliance of the power plant operations with the applicable law. These forecasts may also be compared to the industrial emission indices for electricity produced in the combustion plants in Poland, calculated by the National Centre for Emissions Management (KOBiZE). The forecasts of SO 2 , NO x , CO and dust emission indices for the Silesian power plant do not significantly exceed the industrial emission indices calculated by KOBIZE, which amount respectively: 1.539, 0.968, 0.238 and 0.063 kg/MWh. Moreover, the forecasted emissions of SO 2 , NO x and dust are respectively about 33.12, 47.03 and 15.48% of the current emission limits in the analyzed power plant. In case, when the forecasts of SO 2 , NO x and dust emissions indicate the high use of the allocated limits, it is necessary to take measures leading to the proecological modernization of the power plant involving new protective devices such as: electrostatic precipitators, desulphurization or denitrogenation installations of gas flue. The importance of analyses of this kind should be stressed due to the obligation imposed on the EU member states and large combustion sources located within the territory of these countries to prepare a periodical balance and forecasts of SO 2 , NO X , CO, PM 10 , PM 2.5 emission (Directive (EU) 2016/2284 of the European Parliament…). Moreover, the decision-maker who possesses the knowledge in the expected level of pollutant emission that accompanies the processes of electricity and heat production can monitor in a more aware way the process of environmental management and evaluate future influence of energy production processes on the environment. In particular through the comparison of SO 2 , NO x , CO and dust emission indexes forecasts to the valid emission standards in the country and the whole European Union, the decision-maker can plan future investments connected with low-emission modernization of the power plant. Włodarczyk and Mesjasz-Lech (2016) also stressed the importance of air pollutants emissions modelling in the planning, designing and implementation of such activities in the power plant that may reduce air pollution emissions to the safe level. They used the econometric model with deterministic seasonality and trend for the forecasting of monthly micropollutants emissions and energy production in the power plant. Additionally, these authors estimated the Markov-switching models in order to detect switches in volatility regimes of micropollutants emissions. Above described approach requires the decision-maker to possess both specialist knowledge in the scope of econometric modelling and advanced econometric software. The X-13-ARIMA-SEATS automatic procedure of model selection and forecasting is free of such restrictions; therefore this algorithm is becoming increasingly popular among practitioners.
